aerobic capacity (MAC), denotes the maximum rate of oxygen consumption which is attained during the exercise. [6] VO 2 max is a variable which is globally accepted and is considered the first choice for measurement of an individual's cardiopulmonary status. [7] Individuals having a greater VO 2 max can exercise longer and more intensely than those who have lower MAC levels. A decreased cardiopulmonary fitness level is related with an elevated chance of developing CVD as well as more chances of mortality in patients already suffering from CVD.
The modifiable risk factors for the CVDs are influenced by cardiorespiratory fitness. The body fat is estimated by measuring the BMI and the abdominal girth, which give the best measures of obesity. Studies have shown that decrease in cardiorespiratory function is associated with increased BMI in normal individuals. [8, 9] However, the relationship has not been studied in patients with CHF, one of the most common CVD worldwide. Hence, we planned a study to evaluate the relationship between modifiable anthropometric measurements and the cardiorespiratory parameters in CHF patients to know whether the inverse relationship holds true in the CHF patients too, like it does in healthy individuals according to scientific evidence.
methOdOlOgy
This research was a retrospective study conducted utilizing the data of CHF patients who had visited the Madhavbaug clinics in Maharashtra for consultation, between July 2018 and December 2018. The CHF patients are generally evaluated at the Madhavbaug clinics with respect to their anthropometric measurements which include weight, height, and abdominal girth. In addition, the exercise indices for these patients are also evaluated, which include VO 2 max and metabolic equivalents (METs). The baseline data of the patients were screened for the availability of information on demography, anthropometric parameters as well as exercise indices, and data of only those patients were included whose complete relevant data were accessible.
The weight of the patients was assessed using digital weighing machine and the height of the patient in erect position using a measuring tape. The BMI was then calculated using the formula: weight in kilograms/(height in meters). [2] The abdominal girth of CHF patients was measured with the help of the measuring tape at the level of the navel and noted down in medical records.
At the Madhavbaug clinics, the patients endured cardiac stress tests, which were based on the Modified Bruce Protocol. [10] The maximum workload was calculated in the units of METs which indicates a real-world, concrete, and easy-to-understand way to state the expenditure of energy for various physical activities, which is specified in relation to the resting metabolic rate. [11] The calculated MET was multiplied by a value of 3.5 to calculate the peak VO 2 max , which is also known as the MAC. Data were entered in Microsoft Excel chart, and GraphPad Instat V3.0 software (San Diego, California, GraphPad Software) was used to analyze the noted data. Categorical data were denoted in the numerical form while the continuous data were expressed as mean ± standard deviation. The correlation between the anthropometric measurements (BMI and abdominal girth) and the exercise indices ( VO 2 max and METs) was calculated using Pearson's correlation coefficient test, and P < 0.05 was considered a statistically significant finding.
results
Data of 147 CHF patients were included in the study after considering the screening criteria. Majority of these patients were males (74.15%), and the mean age of these patients was found to be 59.15 ± 10.28 years [ Table 1 ].
The mean weight and mean height were calculated along with the mean BMI of all the patients. The mean abdominal girth was also measured, as one of the parameters to assess anthropometry. The mean VO 2 max as well as the mean METs were also noted down, as parameters representing the cardiorespiratory fitness of the CHF patients [ Table 2 ].
The correlation between VO 2 max and anthropometric parameters (BMI and abdominal girth) as well as between METs and the anthropometric variables were calculated. The correlation coefficients (R) between VO 2 max and the anthropometric variables were indicative of negligible correlation. However, the correlation coefficients (R) between METs and the anthropometric variables were found to indicate moderate negative correlation, which was also found to be statistically significant [ Tables 3 and 4 ]. Figures 1-4 give a graphical representation of the calculated correlations.
discussiOn
Obesity is an important risk factor for various CVDs including coronary artery disease and CHF. BMI is a crucial indicator of sedentary and lethargic lifestyle as well as impending or rampant obesity. Many studies have found that CHF patients having a high BMI are at an elevated risk of future mortality. [12, 13] Abdominal obesity which is designated by abdominal girth is associated with the development of various metabolic disorders such as HTN and DM, which are important risk factors for both, the occurrence and the prognosis of CHF. Hence, measurement of the anthropometric obesity indicators BMI and abdominal girth is a crucial element in predicting the development as well as the prognosis of CHF.
In the general population, the capacity for executing aerobic exercise depends on the heart's ability to increase its output for the exercising muscles along with the capacity of the muscles to use oxygen from the blood which is delivered. An important feature of CHF is the decreased ability of performing aerobic exercise. The decreased aerobic capacity is due to the inadequate blood supply to the skeletal muscles, secondary to the compromised cardiac output. [14, 15] CHF patients may be able to attain <50% of the cardiac output which can be maximally achieved by healthy people at the peak of exercise. The exercise indices which are commonly measured to evaluate the aerobic capacity of an individual are VO 2 max and MET. Functional capacity is the capability of an individual to execute his routine activities which involve physical exertion. VO 2 max , also called MAC, implies the maximum rate of oxygen consumption calculated during exercise. It is the most widely acknowledged indicator of aerobic fitness. [16] A decrease in the VO 2 max is symbolic of a reduction in the cardiorespiratory function and vice versa. A MET is the metabolic rate at rest and symbolizes the quantity of oxygen which is consumed. It represents the energy spending of physical activities, measured as a multiple of the resting metabolic rate. In case of exercise testing, as the intensity of exercise is steadily increased, the surges in intensity from stage to stage is typically at least by 1-2 METs in normal individuals. However, the increase is insignificant in functionally compromised individuals, like those suffering from CHF. Like VO 2 max , any increase in the MET is indicative of improvement in the cardiorespiratory function and exercise capacity.
Although studies have shown the inverse correlation between VO 2 max and anthropometric measurements, the participants in these published studies had no comorbidity and were healthy. Furthermore, studies have not evaluated the relationship of METs, an important variable to assess physical activities, with BMI or abdominal girth. Hence, it was decided to study the correlation of both VO 2 max and METs with anthropometric measurements (BMI and abdominal girth) in CHF patients.
On statistical evaluation, it was found that though the correlation between VO 2 max and the anthropometric variables was negligible, there was statistically significant moderately negative correlation (P < 0.05) between the METs and the anthropometric measurements. This clearly indicates that if an individual with CHF has higher BMI or abdominal girth, the expenditure of energy on physical activities will also be higher. However, the VO 2 max , which indicates the maximum rate of oxygen consumption, seems to be unrelated to the BMI or abdominal girth in this set of CHF patients, which seems a different finding as compared to that found in the normal individual.
Considering the implication of anthropometric measurements on METs in this study, controlling the BMI and the abdominal girth within the normal range seems a crucial part of maintaining the cardiorespiratory fitness in CHF patients. The study had a few limitations. The sample size was small, and the study was done only in the patients from the western part of India. Taking into consideration, a larger sample size which represents the whole country in future studies may help in creating a more robust evidence in the future.
cOnclusiOn
In CHF patients, increase in the BMI and the abdominal girth was found to have a negative correlation with METs, indicating higher energy expenditure on physical activities. The correlation between the anthropometric measurements and the VO 2 max was found to be negligible in CHF patients. Lifestyle modifications will help improve the cardiorespiratory fitness in the CHF patients and have a positive impact on METs.
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